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-B-3l*>7} ^^g. §5)5. =-4 i£°l^# ^ novel 

Hansenula polymorpha gene coding for a 1,6- mannosyltransferase and process for the 
production of recombinant glycoproteins with Sansenula polymorpha mutant strain deficient 
in the same gene} 



[5^£| ^] 

5= 1^- ^A-fl^-eJ- 3-^.5% (Hansenu la polymorpha: H. polymorpha) HpOCH2 -tv^7\^\ ^ 
71 ^l^Rr o>p1^a> *\cg%. t^hI-^ ^4 ^sl- ^S)^ Jf-flfe ^«5L 

ax|^:n. dxd il^I *U^K=r °H^> ^ll^r §^ %*\$\ ^l^tf. 

x= 2 ^ ^msl- f2l£s4$f tf-E Jl5 Ochl ^^l*^ A i 

<i-ir til ^olrf. Hp0ch2p, *r^l^5l- #e)5i§.s|- 0ch2 HpOchlp, tMl^ #2l5 

Ochl ^ll; CaOchlp, ^l?r^(^£//c/a albicans) Ochl ^ll; PpOchlp, s^l 

6> s>^SSl^(/>/cA/a pastor is) Ochl ScOchlp, *H 31 «1 *1 °T| ( 

Saccharomyces cerevisiae) Ochl SpOchlp, ^S^r^M^ ^-*ll( 

Schizosaccharoqyces pombe) Ochl <?r<i 5fe ^*Fb tMl^sf #515 = 3). 

Hp0ch2p^l tfltr ^ £a 5^*^ Ochlp #**fl# *r°l^ oMi^r A i 1 &*ltr ^ 

olrl-. 
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£ 3^ ^Mfl^ |5]SH4 HpOCH2^A ^» W 

5. 4^r tt^l^^ Hpoch2A fc^^M ^ ^PS^l ^ £^ ^l^Hl 

oii=. ^1^5^- l-e^a^sl- HpochlZs ZLBlJl Hpoch2/\ ^ S^r*^ 

tifl^^(OD 60 o=l)* 10 U 1H sl^§>^ 3 ^ ^ 2 ^^r nfl^^. A; 

37°C^l^i^| YPD wfl^l, B; 45 °C ^] -^i ^1 YPD «fl*| , C; 40 jug/ml^ ^>o]zl^>o]a1 BChygromycin 
B)7> ^7}^ YPD D; 0.4%£] i# t11^-X|#3lo|H( sodium deoxycholate)7"l- ^7}& YPD «fl 

E; 7 mg/ml^l t^fSi 3H;e(Calcofluor white)7> ^7>^ YPD «fl*| . 
£ 5^ ^Ml^^ #e]5.=.3|- Hpoch2A ^€ ^^.-fS ^1^1 (GOD, 

glucose oxidase)^ ^ 3.7^ S"&H 5^H^. tWIi^ &*\3^*\r °> 

^ Hpoch2A G(M ^ HS-Sj-^CA zl^JI D); ^4 

l,2-^Alcf^(al,2-mannosidase)» 2)3^ ^ ^ H.iM-'lKB ^JL E) ; <3^-°S 

al,6-mannosidase)# ^^^r ^ (C ^JL F)* HPLC51 -g- 

M^<$t\. zl a.71 iq- <£:n 5.^ s^tiS 5*1 ^VSS^. M5, 

Man 5 GlcNAc 2 -PA; M6, Man 6 GlcNAc 2 -PA; M8, Man 8 GlcNAc 2 -PA; Mil, Man n GlcNAc 2 -PA. 

5. 6^r 
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tfl^j- £^io-|t}. a}^p>c]^]^ ^leflwl^ofl o>^t§ ^(D^- QchlA 

# ^^ol^(Scoci2lz\)(2)^l YEp352GAPII» JE^*]-^. ScochlA #<g^o]^^ 

HpOCHl ^A IHi^tL YEp352GAPII- HpOCHl(3), #tfGB2 ^r^r ^^£L 
YEp352GAPII-HpOCH2(4), ZLSlJiZ. ScOCHl -fr&A ^^3*1 YEp352GAPII- ScOCHl(5)« ^ £ 
£ 6A^ *|^7H JLE. tifl°o^(OD 6 oo = l)* 10 y fl^ ^^^S 3H*M YPD 

#3MH«*I| 3 /z£^ ii^^ ^ ^ 25°C 4 30°C^1^ 3 tffl^rW. £ 6B^ AAQ 

^€ ^*|BMl(invertase)£] ^sj-^i* %^ <£^°.3. ^oltj-. 
S. 7^r Hp0ch2 ^r^^^l ^: 5XJ-1, e-^^^H^i-^&l- ^11 ( a 1,6-mannosyltransf erase) 
^: ^o>i7l W -^"^l^. YEp352GAPII(A), HpOCH2 ^A ^ 

YEp352GAPII-Hp0CH2(B) 5&^r ScOCHl ^A ^€ #\^9l YEp352GAPII-ScOCHl(C)*°l ^ 5L<$ 
& a>7>3.*M*1|^ ^l&HtilA]ofl ochlAmnnlAmnn4s\ ^^^l^r^f^ ^1S^ V 
Man 8 GlcNAc 2 -PA«- 30t:*IH 2^A^ n ^-§-^ HPLCJL ^r^^^^f. 

£ 8£r tHl^ #^S.5^1- GOD^l ^ 3.71^- ^F-S^ ^sl- 

» HPLC £^£^1^. ^l^e} #ii|5.i=L3i|- Hpoch2/\ ^ 

^-w] ^-^i^ GOD^l 5.S5x><^(A D); oj-^s] ^e^i A}o];g.ol {Aspergillus saitoi) 

-H-Efl^ ^l^-^i^^-I- ^Ml^^r t^S^ o>^t§ -g-^<4 Hpoch2A ^ ^ 

^S^b] G0TH1 ^ HS4^(B nelJi E); ^xH^-fcA] i}*)]* <2-"|Jf^jL5. 

-M ^ HS-^CC neluL F)* HPLC ^*>^^f. 
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oVnl^ *\<£ (identity)^ -fr*r-$ (similarity)* iL 0 ^^. 

< 10 > a. ^ o_ a]^v 7 flA] a^sfrfe fMlw^r 

<n> ^s-g. tfl^= ^-f ^11^4 ^-3 

^ ^ ^(modification) ^1 cfsjiS s.^ 

<12> tfl^-^r^) S^JL-g- ^r^^^r ^r«l ^5. ^i*ll (Endoplasmic reticulum)^- 

(Golgi apparatus)* T^l^i ^r^^^ Or^-Sr^KasparagineH (ol igosacchar ide)7> 
^-fr^^-^-S Jf^sq^ ^^^^ (glycoprotein) °lT=f( Jenkins et al . , Nat. Biotechnol., 14, 
975-9, 1996). ^^^H Jf*r€ ^ ^S^r #^7> zl (folding), 

^ ^l^lHS €^ ^ ^S-g- 

^cf. ^l^V ^ ^fi^Hj, «1 ^3: tifl^l Hi -8-, 3l;ESHl-o-| ^(retrovirus) 31^-8: tfl*^r 
^ <&3€ >te^M" ^71 dz&-S\Tr ZL wfl°o^ °l-§-^r 7fl2:^- 
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<13> JLE. ^ *L«H#3 ^-f , 3. -S^Wl ^SJ-jL £ S^^r 

2:^1* °l-§-^ ^ 9X^- -H-^} 2:*M -§-ol*>aL HL^r ^ o] &O.T*| 

^o.^-.^ ^ a*) a^^-o) ^ ^sq. tfoitsflxi ^Afla tHM ^^^-§-* -fr*^: *r 5£ 
t}. jh e}-^ jls. ^1*1 ^131 ^ ^^Hr ^fls^- 

! f 1 7>S. 9m ^dfc^l^l^KBekkers et al . , Biochem. Biophy. 

Acta. 1089, 345-351, 1991). 
<14> ^i- 7 j n^}7) ^-n-^" -n-^fl^ ^ 

<i5> Jia^l A^T-S-^l-^^li ^1 efl ta] ^1 ofl ( 
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Saccharomyces cerevisiae)^ ^^#3 ^^(core 

oligosaccharide)^ 5071HH 2007fl^ ^3(mannose)7> <£^3^S- ^-7>£)^ sq-^ 
(hypermannosylation)^ $}*H ^^S. <?1*1€ *r t4l,3 ^ a 

1,3-linked terminal raannose) ^7} W €■ alMsq 

&4(Dean, Biochim. Biophys. Acta., 1426, 309-322, 1999; Ballou, Methods Enzymol., 185, 
440-444, (1990)). tb^l ^l^M-Sr SMI^ js\f]e>\ s^M^^H 

i£^5l ^S^t tg-r^^^s-o. ^lifl^oll W^T.^ 3^3^ ^^^\^ 

3,v}o]a\)^ ^€ A^ ^^lliL^f^ ^l^"*! ^1 ifl (maiinose 

outer chain)^ <Q.°]7} &^5L 2L3L$ 5W(Kang et al . , Yeast 14, 371-381, 1998; Kim 

et al., Glycobioloby, in press, 2004; Bretthauer and Castellino, Biotechnol . Appl. 
Biochem. 30, 193-200, 1999). ^1 , ^1* ^l^^r^r JLE.(methylotrophic yeast)*?] tMlfe 
5} l-elS-S^sq. x\7]e\ ^SBliofl *| <?13HH -fi-^Kr l^zj-1,3 

^^-^ Tg-^- T?>i^^( a 1,3-linked terminal mannose)7> ^^-5->^l ^(Kim et al . , 

Glycobioloby, in press, 2004; Montesino et al . , Protein Expr. Purif. 14, 197-207, 1998) 
ol^l £]^-g- ^* JL^9l 7.>7>^>olA-fl^ ^1 ell «1 ^1 °TI ^ €^ 

^^ll* S^Hr A^ ^tffl^^ ^^tm 4 1 ^ 7fl^ W * 

^1 a1££|ji ^tKChiba et al . , J. Biol. Chem. , 273, 26298-26304, 1998; Callewaert et 
al., FEBS Lett., 503, 173-178, 2001; Choi et al . , Proc. Natl. Acad. Sci . US A, 100, 
5022-5027, 2003; Hamilton et al . , Science, 301, 1244-1246, 2003). *(| ^ 
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^H^l ^-t-, 7flA](outer chain initiation)^ <^lh§: ^ <X#Z -fr^r 

(Nakanishi-Shindo et al . , J. Biol. Chem. 268, 26338-26345, 1993; US Patent 5,705,616; US 
Patent 5,798,226), -fr^Kr 1^1,3 ^ ( a 1,3-1 inked terminal 

mannose) ^^^§r MNN1 -fr3l*KGopal and Ballou, Proc. Natl. Acad. Sci . USA 84, 

8824, (1987); US Patent 5,135,854), OL^JL X^J^IMH (phosphate)* ^7}*\?}rr -tt 

^XJigami and Odani , Biochim. Biophys. Acta., 1426, 335-345, 1999)7} 

^l^fl (outer chain) tH3*l ^}^ochl^mnnl^amn4^)^ 
m,2-T&^]^A( al,2-mannosidase)* I^S^M Sl*H ^^^S (human mannose 

type)^ N-^Q Man 5 GlcNAc 2 * %r<%& ^SlSrS^CChiba 

et al., J. Biol. Chem., 273, 26298-26304, 1998). ^ tfl#o_S ^ 

3) 7l ]AH- ^-^-^ tffflZ ^-^^1-7} ^r(JP 07145005; JP ^ 07150780; WO 

0200856 A2; WO 0200879 A2H ^ ^S* £<^}7l ^iSfl^ *H3)^# -fMl^ 4 

57fl£l JL^*^: 7§S.°]} S^-SH £1*11 ^■'^-'^ N-^^ (complex type A^glycan)^ 

GlcNAc 2 Man 3 GlcNAc27} Jf^€ *flS^ *$#Sr ^ ^3 5M(Choi et 

al., Proc. Natl. Acad. Sci. USA, 100, 5022-5027, 2003; Hamilton et al . , Science, 301, 
1244-1246, 2003). o)n] ^Al(Janowicz et al . , Yeast, 7 , 431-443, 1991) 

^ eq^_g. j^^ig ^-Bfl^ ^ A^JL ^m*^ tHl^r 1-^2- = 

-4* tfl^JLjsL ^7> ^S^- ^* ^ ^-^^ *1 5^ 

*1 7^ iLJI^ W>7> ^T=f. 
<17> ^ ^T^^l-lr^r tfl-Bri?!^- ^|#-^ 2002-37717 J:* ^Ml^ ^ 

^ ^<hi ^a^- e^-a- -s-m 
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OCH1 m£.^}ZL o) ^x}7} ir^^l^r* °1-S-*M 4^ 

(hyperglycosylation)7> ^l^M ^ ^ t§Efl^ 7>^ ^ *l\d 7fl3^- 

HpochlA S^ol^MH ^ 1,6 ^tt 7^1 o^*] 

^c] su^o) ^ ^i^jis. 4|7l^<H, §^2.24011^ Tg-jqafl 7 1H jr^oi ^i,6 

fe^H^i^^K al,6-mannosyltransferase)« ^J^Kr nf^r* #*HH #7l ^l^fl 

Hansenula polymorpha)% tfl#o.3. <?l*ll -frSfl^ ^fi* *fl2^ ^> AliW 7 fl W 

7 ] i^H, #^513.3}- 711^- ^iL« Stfls. ^Ifl- -fr^*} HpOCim %^^c 

Sj- DL-1 #71 -R-^7>7> ^ifl 7flX| Jr^Ol ^1,6 

^i^S^^e^U a 1,6-mannosyl transferase) *}^^ Tf^^n., ^r^\A s}^ 

^ ^o]^» 7fl^>^^, #71 #^^ol^7> <?l*ll wl^l^^l 33.* *r#*r^, #7l 

^ol^ofl ^efl T^-dfl ^ jL^*^g- t£ tfl^H ^1^1 fe^^l 

£fl<y Man 5 GlcNAc 2 7> ^€ ^ 3* 
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<19> ^l^^l-^l^i N-#3lS-^5l-^ ^i*lHH N-^^-^ ^-^(Glc3Man 9 GlcNAc2)7l- ^ 

7l ^-^(nascent protein)^ ^€^b ^3^*1 (AsnH ^s)^ ^l^t}. Glc 3 Man 9 
GlcNAc 2 ^ ER^ ^-^ ^f^Wl ^ a 1,2-^^1^16)1 ^ 37 j|<q t ^3i #717} ^7l 
s\JL §>i4^1 ^ al,2-It ^7l7> ^-^^ ^S(Man 8 GlcNAc 2 )7> 

ol ^-S7> ^l^lS ^^3. ^<£^r Jl^^I 71^711 

^-f §*1*]1 Tfl<M£| ^ a>#^) ^-ol^V ^^H^^Sl-^lHl ^ 

*>i^ #7l£l ^7># ^S^r ^#^1 4^ ^ 1 ^ l&-§-°-5. A>7>S^>}ol^ 

i ^lefltil^oflol ^ o. 507 fl ol^V6] ^7l« 3Hr^. 

<20> ^ ^7>^ ^j^^l-sl- JLS^I ^l^e} #BlS.ssl- Tfl^- ^iL-t- Stfls tHlW 53 

DL-1 5^MH -B-^7>« ^7l -H-^7>7} 7flAl Jl^ol 

^^^^tq-. ol^Tll ^7>^ ^PlicAt 

<2i> ^tJJ- 6] ^EflS-Ai, ig-x^ 7sl1«i^ 7l7flS)^ ^^.g: JS^*Kr DNA -B-^Vi- *)1 

^rf. ^th ■& 75% ol^l ^-^^r ^ <£^l,6-^i^B€^ Jl4i 

v+El-vflfe- ^€4- S^Hr DNA ^1^-tb^-. wV^^Tim, 7.-1 1^1 DNA 

^ -B-^7>, o]<q 0-X\-x\] o]ol Tfl^Cl-. 

■8-^ -8-<H "^"^ ^S^Cwild type) ^ -fr*>t!r M-^xfl7l 

iLcJ. ia>^ §>7im 85% ^ wV^^I-Tim 90%^^-, 7H 1 " «>^*»ll^- 95% ^1^ ^ 
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^SZL^# °l-g-3M ^ Al^E)^ HSZL^^r 27fl A)^^ ^ 

<23> ^. ^7H=r ^-7ltb -fr3l*r» GeneBank^l 7l^-^S AY5020255. 7l^V^A^, iE1& o]e^ 

-B-^^V* S^-^l b] P BS-H P 0CH2/ ^l^l^Mo} #e^-o] (Escherichia coli) DH5@# 

2004^ l€ KCTCCKorean Collection for Type Cultures, ^ tfl^Al t^h 2 - 

52*1*1 ^-^ T 3^«}- < ?i^ J ciH 7l^^S *11KCTC 10583BPSS 7}^}SX^r. 
<24> ^-eH, JE ^f^g- ^Bfl^i, *| 25. ^T-flsl^ 3.^ DNA 

^ o]Q 90% <^1^ ^-^-i- #31 t4l,6-fe^H?!^^l JLdL M-^^ 
* iS^Rr DNA^l -fr^*}* 3L^>^ ^)B]» *H^^r. o]e^ ^2:^ H^^r tiV^ 

SMIfe a-II^s IS. 7l*flEm DNA -fr^r* X^W. 5& oj:^^, -a #7ltr 

^l^-5->^, w>^-a]^>7fl^ 7l^S ^KCTC 10583BPJL5 
71 ^ ^HMlX-& ^l^tt^f. 

6|i Jl£.^ -a-^7>7> !-<3^°|^ A>-g-o.s %7] sl^o] <T 9X^T. # 

$1413 S3 -fr^r* 4*M?lfe 1HH Sa^. I^H^r 711^1^1 ^_Q_*r ^ 

-ft-^r 7fl3:^-o]^ 71^ JE^H 1^4 1 , Sf^ll ^1 -fr*l7r(0ch2) Sj- 
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tNl^^r tE]£H4 Hpoch2/\ ^l^rC^NI^ 1^2.2 4 DL-1 och2A)«- JL2. ^ 

0.0) £4=^*1 ^ ^l^M ^rW?} #^€4^ ^ 

°|o>|, 0} ^o]^^- 2004^1 1-1 KCTCCKorean Collection for Type Cultures, tt^ tfl 

^ o]^ 52 i£x\ ^^^"^^H ?}^3L TflKCTC 10584BPJLS 7)^}^. 

5& 6 <N|S>|, 7l^Jl ^KCTC 10584BPJL5. 7} ^ tHl^ # 

elS-S^ Hpoch2A ^Wi^V^A ^S-S-A DL-1 *)l^t}-. 

i^HH ^til-s]^ N-#sl^r^ tflJf^ Man 8 GlcNAc 2 ^ 7>^H 

*>i^ ^717} ^7>£M ^ ^* ?}*\^ ^^T- 

tg-^S. ^a]^ ^ 5£t}-. o]e^ sj-^-s)- ^J-iS} ^ ^ Jl^S.^ ^sj-1,2- 1 ?]:^! 

4^1, #i^ltMl I A, fcAl^l IB, feAlrf^l ic, ^r^lrf^ln, HHl^W^ 
H^^e^l I, N-6Mttf-37M^H^i2|^l n, ^^s^H^fl^^l, 4°ltlH€ 

^o) ^i^oflA-^ ^l^ej- #^2.ss(- Hpoch2A ^l^H <£:4l, 2-^*1 4*11 « ^^1^ 
Jl£.*8 N-^ «oMsl^i <?l*ll^ ^€ ^S^- ^^^4. a 
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-1,2-^*1 ^Mlfe Man 8 GlcNAc 2 ^ «13r€ ^3 a -1,2-^ #711- 

^^^fl* Man 5 lcNAc 2 ^ ^^lTjt}. Man 5 lcNAc 2 ^ ^ M ^i^lB^ 

^s^M tfl^H 7l^s 3-g-*H ^* ?Hr *r & 

uf. ^"71 ^^^l *HH3^ ^<*fl ^ ^ -fr^Kr °l^lt!r JL^ 

3.^-5}$= -H-^} ^1^1 iS^Kr ^ 7>^ 

^-^(integrative) JE^r -R-S.^ (inductive) SSSLEi , ^ 3' ^ ^1 
^ i^H, integrative) SE^f 4*H(replicative) ^ &tf. 

<29> n}-eH, a tq-s. <#BflS>| , ^ ^ ^ Jui^l X^V^ 

tr^m&r #elS.iM- afl^tr**. H>^^-7fl^ ^ ^ ^ 1> 2-#i^]tq- 

*H, ^i^l^Ml I A, feAltq-^l ib, tti^l t=MI IC, ^bii^l^n, N-^Hlit^M^H 

< 3 o> 5& <#EflS*|, ^ 7]^-^ J: XllKCTC 10584BPJLS. ^VM}w^r 1-BlH.^s}- 

^ol^l- A>-g-^}o^ ^7} 7fl2f ^«fl^^r ^^•^r^r. 

<3i> ^-71 w>5f ^ ^-^^1 tfHH N-^-^l N-^-^] 

<32> ^H^a-1 -g-<^ "^^r^^ (glycoprotein)"^^ ^^A^ 3:2- ^1 ^1^^- 

l-^SLssj-^A-l vtlim. ^ ^>M- o>^s)-^-?i #71 JEE-fe ^}i4 °1^ 4^. 

-g-^ "^21-7} (reduced glycosylat ion)"°l & JlS- 
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^^-oflA^ 5L7l, i&ie.S #7l« ^Hr ^IW. 

<33> ^7l*b tMl^Sf Hpcho2A ^ol^o]] s^s]^ ^ ^ 

sim-p, <tlB)3Eii^- Y , g-csf ^), -g-^^K^: vm IX ^J}^ C), 

^<?l*r, *J-#£Uh ^H^sl^- ^H^-^-^l^- ^BeHiH^Cdextranase), 

i o^S-S^l sM <Si a-^^^AiBacillus amyloliguefaciens a -amylase), 

X\] 5)1 ti] ^ ofl oj-i^^ £ S Bl] ( aspar t i c prot ease ) , a>7>S.^> °1 Afl Afl efl wl *H *i *l ^1 , 
h] s|-^^iT3> H^^-^l^^K^afloso/wa cr«^/ £ra/js-sial idase) , HIV ^ 

(HIV envelope protein), ^l-^^*} uM^i A 31 t^^e] \i( influenza virus A 
haemagglutinin), ^ll-f-^r ttSt^I^ ^(influenza neuraminidase) , ^ 
«a^l^>olt|lo]^(enterokinase) *^$l*r, ^ ^ DCBovine 
herpes virus type-1 glycoprotein D), ^Ti £r*l -2.^b)-t=1 (human angiostatin) , 91^1 B7-1, 
B7-2^ B-7 ==r-§-*)l CTLA-4, S^l ^Khuman tissue factor), Sl*K°fl: ^^Sr-Tr^fl 

^ 91*}), a-^B)B^^l(human a -antitrypsin) , i5]ESl<>l^€, 2^ «^ 
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S^li^ffl $H§S?-S1 7}(t issue plasminogen activator), $5^*1^31 %^Sl*r ^l^*} 
-1 (plasminogen activator inhibitor-1) , -fS7]^ (urokinase) , a -z^S^l tf^fl ( a 
-galactosidase), #2^1^, ^#3.*^ SfW. 

<36> JE tf-E ^EflS.^, ^ <#7]yfc HJ-HJ.2-3. ^^^-ir 



<38> i: 

<39> ^1^5} #elS = 2(- Hp0CH2 •frQA ^S. ^ *i<I 

<4o> sje^l ^€ tMl^Sr S^S.^ RB11 -S-^^ tfltr -fr^l 

(Ramezani-Rad et al . , FEMS Yeast Res., 4, 207-215 (2003) a^s^M >fl >i ^^1*1 

oflo) ^^-Aj (XFi (gene family)^ iL°l^- 0RF(open 

reading framed &*t[ 3iL* ^ flS^. ^ 9^ ^V^H^ Afl^ul^ 

ofl^- tb^llwSr 1^2-2 4 Ochl *H^^r ^11 (identity)^- tt 

f§ (similarity)* M-Ej-^. £ 9<*IH 0RF1683(- ScOchlp o}*1^a]- ^ a}o]o} -fr 

<41> ^ollA^ A^VS^^Afl-t Afl^lHlX|ofl^ ^ £j) Aj^-Aj <£4 1,6-^ 

2, Jf£|- ^ofl ^A^b S>xr A}7>^}oHi: Afl^l«l^|ofl 



45-17 



10 




006352 *3 °^> : 2004/7/23 



OCH1 -fH^KSrfmXJungman and Monro, Embo J. 17, 423 (1998) )4 40% *|<i ^ 

^4 54% ^licAb ^1 -B-A>^4- ^.o]^ 0RF168 -ft-^r^l 7l^-g-*l-Sr £|*fl ^il^r t^S 
s r DL-1 ^(Levine and Cooney, Appl . Microbiol., 26, 982-990,(1973))^^ ^#*V DNA» 

*V ^ H2f°H(168Not-N4 168Not-C; S 1)# >M"8-*H ffii ^^-S" 
(polymerase chain reaction; PCR)^: ^ 0RF168^1 1.35 kb 3.7]«\ DNA 

<42> M. i^t^^s-o) ^ ^(tfl^^ ^ #^ ^ 2002-37717) <*fl*l ^-iL^ *Nl^e}- # 

B]S.3 3X)- -fj-^Hr A>^4ol^^ ^eflwl^l^ 0CH1 -n-^^V^r 22%^ 36%^| o}*li^r -g-<g 

-e-Ap^ u^i^H o] -fr^r* HpOCHlSLS. ^^^7H ^ ^<*1M ^€ 0RF168* 
HpOCH2S. ^SVaL -fr^r^l ^7H AY502025S. GenBank^ 7l^V^i^f. HpOCH2±= 1287 bp 
3.71 S. 4287fl^| ^€ ^r 13 -^* o^Sl-^tfzL ^K>€^r. Hp0ch2 ^€^1 

29«I#H'1 A: 1 51^-^1) oj-nli^A]; *|«g<*(|-£- ?>}t-}2\ ^- ^-5x)- (transmembrane spanning region)S 

Jf^l 9X°]*\ tfl^r^r^ #^3.^S€^5s]5r^l(glycosyltransferase)^- 0 l sfl^-E]^ 
type II (membrane protein)^ a>^€4(£ D . #^^H^^ B^l*^ % 

^ DXD JldKLussier et al . , J. Cell. Biol., 131, 913-927, (1995))7> 

s\o] Hp0ch2 ^S^H^^^Ml x]M %SlS. ^^3X^(5. 1). Hp0ch2 

r^Bfl^o] o>d]^a> x\<g£- xy 9 }g_v}o]^]^ A$m-a]x]oH 0CH1 -fr^r «1^H *W 

£.3-91 ^r^^r ^l^i(Ca/zc//c/<3 abicans; Thomas et al . , unpublished results, GenBank 
accession number AY064420), ^^^"A^iPichia pastor is; Japanese Patent 

07145005), $\^\?\S-v\o}/?\£l ^-mSchizosaccharomyces pombe; Yoko-o et al . , FEBS Lett., 
489, 75-80, (2001))^) 0CH1 -fr&A ^-#4 y3]MZ\ ^ -frAr^ iL^CE. 2). 
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<43> J£X\q) 2: 

<44> ^e|5Lss)- h P 0CH2 -fr&A S^r ^ ^ ^ 

<45> ^H^e} #£]5- = 34 OCH2^A?\ ^ € *lWl-7l ^*fl a 1°H H£} 

«H -B-^- f^S^ *>-§-( fusion PCR)4 -fr^l*} ^3:^-(//2 KiVo DNA 

recombinationHBHr ¥ 7>*lsl 7l<M- H<gsH ^A SI ^(Oldenburg ef 

a/., Nucleic Acid Res., 25, 451, (1997)). QA PCR^l URA3 ^A^r HpOCH2 

o.^^o| C-^-i: ^$Jt ^ °1*> -8-^" f^JLi ^^«]r-§-^ #p<9ffl? -fr^> 

o} N-^^-ai}. URA3 ^A$\ N-^^r* ^^lal URA3 ^AA^\ OW^f W -fr^^ C- 
^^St*}. ^iLtb zjz^ DNA ^4 n^ti* S.S. M}3.^\3, ^<£& ^ ^13. 

ifl -H-^> Tfls^ W^^^V ^Mfl^ ^^SXAis. 3). 

JLS ^J^dl S^lS -£K^(uracilH a^wfl^HH AA^ ^^^««^r 

^ ^Jl^ <a^ti>-§-^l 4^711 ^€ DNA S^H: ^-<?1^ HpOCH2^v 

$_AA ^Ml^ ^r^l^s-l- Hpoch2A (leu2 ochl: :URA3) $^r» ^1^>^^. 

^"71 3^L*t Hpoch2A ^ «fl, Hpoch2A HpochlA ^ 

(KCTC 10264BP)^|- ^] 45°C^1 tfl* AA^A Hpochl^A^ ^=-7)1 37 0 C^H 

<q ^fSL^r o>^gt§ % A°)A &^-8r lr sa&^K ubIjI *M 3.5*1- °1 41 B 

(hygromycin B)^ $7H ^l«fl^ 3 43^1 *1*H3jI ^# 31 *1 Sodium 

deoxycholateH tfl^ AA$\ iL°lfe- ^H3* 7}x]3L 91<£A(5- 4). °]^& 
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jlsXM 3£€ M-^^l^MM M-^fe tHl^ ^ 

2.six> hpoch2A ^l^>*>al 



<46> [£. l] 



Primer 
KSSNot-N 


Sequences 

5 ^AA3GAAAAAAGCGGCCGCCGGTGAA3AATGGTGTAT-3 ' 


USKNot-C 


5^TTTTCCTTTTGCGGCCGCCGTTCTGTGCCTGCTCx i ITGAr-3' 


UMbr 

ur&w 


i'-GGArCCCCGGGTACCGAj-CT-S' 1 
5 '-C ACCGGTAGCTAATG ATCCC-3 ' 


UCfor 


J *-CO AAC ATCC AAGTGGGCCG A3 -' 


UCrw 


'5'-C TGGCG AAAGGGGGATGTGC^3 ?b 


168Nfor 
lflSNiev 


5 '-GGGGGATATGGGGCTTCGCC-3 ' 

5 '.ytGG '^^^J^S^OGgM'GB.CGTT'CCAGG GCTC C ACGTC C-3 ' c 


168Cfor 


5 ^G)SAG A^IIGG^ C C CG ATC ACGAGCTTC AGTC G-3 ' a 


lflSCrev 


5 '-CGTC GTCCGGGCCCAGTTGG-3 ' 



<47> 3: 

<48> ^]^e} Hpocb2A 3* Tfiol^JfB] Tg-^cq 3.71 g ^ 

<49> ^-7] ^aHI 2^1 *\ tMl^i- *^S.sir|- 
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Hpoch2A Tfi°l^MI<*1 371^ ^2^1 tfl*(H ^§1-71 ^|5)i ^4 

°}7\ (Aspergillus niger) -fr^H^I ^^Sl #^5I-f^ ^1^1 (glucose oxidase; G0D)» % 
4^ o>^i§ ^iq. H P och2A i&ol^MH *«1 ^r^sa^. ^^^^1 GCMfe 

^s^r ^ &i=. 87fl£l o^l^A]; o] a^fl ^r}-(Fr eder i ck et al . , J. 

Biol.Chem., 265, 3793 (1990)). 67flS] ^ >iE} tKhistidineH ^ofl GOD* ^*R=r 

^B] pDLMOX-GOD ( H ) ( K i m et al., Glycobiology, (2004))^. ^ ^€ tMl^s}- = 4 

°> A S^ ^r 5 } Hpoch2Z\ ^l^r-i: 0 ] 2% ^7>^ YPM (1% yeast extract, 2% peptone, 

2% methanol) *ti*HH «fl 6 <J=*H GOD* »fl^ 6 ^S G0D» ^€ 

^(nickel column)* C-^# 67fl^ t^B^l GOD^* 

3. ^-^^T-Jl CKM ^sl<H 9X^ ^* ^H^l iflSjH ^oflxlonol^l o]]^(p NGa se F)» *i 
^t!: ^, ^#^<?2 2-^l^el^(2-aminopyridine, PA)°.3. S^l^r^ HPLC3. ^^^h 
£ 5^1 D^lH # ^ Sa^°l 87lHH 127fl^ feS7} Jf^sl ^ 7 > #Jl^ §^6] ^ 

Hpoch2/\ ^ €r«l ^€ GOH Jf^^M 5£^r #ifl3r tflJf 

^ol 87fl7> Jfzj-^ «q^]^7l- ^ ^BflS ^#^5^. o]^ Hpoch2A ^l^H *V 

87fl ol^M ^^^>7fl 7i-Sfl^^; o^Cf. GOD^H ^"^^ ^£|H1 

*ltb °H1 ^r^H ^iL€ Mlfe 571]^- 67^1 §11 ^Rr T 

4l,6-^-2t^l^ *|sH o]sfl^ S^. n>t^ 57B ^^1, Hpoch2A ^1^ 

^1,2-^7,1^^1 ^ej^AS. 57lH sfl^Kr ^*sl^T=f(£ 5). 

#7] Hpoch2A ^°1^H ^5x1-1,6-^^ ^^1 41 # 7lH ^ 
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<50> -QX\d\) 4: 

<5i> tb^l^el- # 5] S. s 3X(- H P OCH2 7]^ ^ 

<52> ^Afl^ej- |§.e).H.s.3i|- 
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HpOCH2^A ^r#^l T%<t\4% ^ 7fl <M ^^aJN ^1,6 ttitS* Jf^Rr 
S.p>ol^i ^t^H Ochl 7\^A %^\<^A% 3iX}-s}7) A>^P>o]^i A|| 

*OT*H OCH1 -tc^AA ^€ ^^(ScochlA)^ HpOCH2 ^v^A ^%AA 
(YEp352GAPII-HpOCH2)# £^§r°3 ScochlA #<^^o]^ q-^-a]Jfi- 
6A). A>?>S.T"l-olAl|i ^efltilAlofl ^«lBloi YEp352(Hill et al . , Yeast, 2, 163-167, 
(1986)H ^ej^^^^o] h. -3-5.^1^ °1H tq-Sr>o] =.*m-*|) (glyceraldehyde-3-phosphate 

dehydrogenase; GAP)£| B^H^l A}o)d\) H pOCH2 -R-^r* ^1^}^ HpOCHl ^ 

ScOCHl -fr^*}* ^ ^^(YEp352GAPII-HpOCH2, YEp352GAPII-HpOCHl, ne| 

YEp352GAPII-ScOCHl)« ^l^r^. HpOCH2 >£^B} (YEp352GAPII-HpOCH2)7l- SL<^ 

€ a>7>^M^ ^l^til^ofl ScochlA ^l^fe- ^ ^5L<>lH 

-fr^H^ #/?<X¥2 -B-^i^V ^^Bl(YEp352GAPII-HpOCHl)7l- ScochlA #<£ifi°Hl S oi 

€ ^-foflfe 'l 1 ?!^* 3:*Rr ^ ^^i=f(£ 6A). nBlJL ScochlA 

€°1^7> ^ t}^- 3^10} ^!^o] HpOCH2 ^r^A iL 

^% ^4, ^ 6B<^H ^ ^ $£^1 ^^Sl ^^I^Kinvertase)^ 
A}7}S.v}e]*)]^ 4^1 ti l^l°fl COI ^^Ei(YEp352GAPII-ScOCHl)7l- ^<%Q ^§ 

(invertase)^ ^s^^l ^sj-7> ^3.^ ^A ZfcOZK ^ 

^ #;*r#?-fHl*r ^r#^ ^afl *A #31 *IM ^rJ&-^ ^-ir *>fe- *l| 

5)1^1^1^ Ochl 71^^ #^11^ 
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<53> ^afla^o^ ^l^s]- l-elH.S3x|- Hp0ch2 ^V^-o]^ ^t^H Ochl 

^-^}7\] *^^£1H 1^1,6 ^iiS. ^thi: ^7fl^r>^ <£^1 , e^i^H^^ 
* 7>^l31 9XS±x) vitro assay) -^-S A^^-ol^ 

«1 ^1 ofl OTI, MNN1, MN4 ^r^^o] ?§-X\6\] s)-^^ ^^^^^CocAi^/^i^M^^)^ ^ifl 

th£°l ^ #^4(Chiba et al . , J. Biol. Chem. , 273, 26298-26304, (1998)). 

#71 ochlAmrml/\mnn4A tMl^ ^SJM- ^«*]^» ^ 

43L^- ^(membrane fraction)^ t4l,6-^S«i^4 ^tb Jl 

4i €IS a>^-*Vjl tfl|>a ^ Man 8 GlcNAc 2 -PA# 71*33. Al~g-3H *>-§-X|5[l ^ zl 

^M-i: HPLCS ^<^^-^}7> ^ ^ YEp352GAPIl7> £<g^ 

ochl/\mnnlAmnn4A ^r^H^ ^7}^ Man 8 GlcNAc 2 -PA^ W7> 

dl ^H, ^5LS2|- H P 0CH2 A>^P>o]4i ^leflHl^l^ 0CH1 

^-^.A ^€^7} z}-^ ochlAmnnlAmnn4A ^-^HHfe Man 8 GlcNAc 2 

-PA°11 fe^7> ^7>^l Man 9 GlcNAc 2 -PA^l «fl^Kr ^3.(peak)7> ^#£)^cf(£ 7). 

^-71 14f^ ^l^el- Hp0ch2 *fl3|wl*H Ochl 



<54> ^Al<^l 5: 

<55> tMl^s}- #elS-S5|- Hpoch2/\ ^ 

<56> 0]^)1 nl^S ^Efl^ A^"^ ^7> Jf*}-^ 7j]3^- ^^-ir ^^Hr ^b^lw^H #3 

ass), ^i^V7l ^sIH, ^i^jis. aH-s^H^ ^131*1 aH -1- tfl^-o.^. 
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<£^(Chiba et al., J. Biol. Chem. , 273, 26298-26304, (1998) w>^- ^} 

^ 7flA] ^sj-i.e-^ic^H^l^e)-^* ^Sr^ ^Ml^ l-sls-ss)- HpOCH2 -frQAA 

Hpoch2A €°1^MI aV^^e^ A}ol S o] -fj-Ej)^ ^1,2-^Alrf^l-l- tMl^e} # 
tL5.*fl<*1M tHfl^^ #3JE. = 3hg- ^1,2-^ri^l^l ^ ^1 

pDUMOX-Ms dS ( HA-HDEL ) -i: ^ flpoch2A-UsdSpWr ?^ 

v}^. ^1,2-^:^}^} TdkHmtf pDUMOX-MsdS(HA-HDEL)« afl^^M ^ 3 i 

X|-o-|-g.°l <^ > rf *H ^-^x>7> ^-ej-^s. pGAMHKChiba et al . , J. Biol. 

Chem., 273, 26298-26304, (1998) )■£■ ^Ml-fi-S ^jLi EcoRl^r Sjfk& ^°"H 
( 5 1 -GGGGAATTCAAAAAAATGGTGGTCTTCAGCAAA-3 ) £}- ^Sl-§r W HA ^-fl , ^S.*\] 

^(HDEL)^ afl^jLi. tfcol-i: i^tb 

( 5 ' -GGGCCATGGTCACAATTCATCATGCGCATAGTCAGGAACATCGTATGGGTATGTACTACTCACCCGCAC-3 ) # °1 -g-^ ^ 
■^-JLi ^ifl«]:-g-^-S 1.5 kb^l *>^3J)^5l^ A>ol^o]^ ^1,2-^:^^1 -ff;£U> ^ 
s.^^rq._ jg-jL^ o^^^s^ AM;gol<q ^3^1 , 2-^1:^1 -fi-^UV ^^-g: aflttJ:^ Eco 
RI4 *)b}«H GOD StU^B) pDLMOX-GOD(H) (Kim et al . . Glycobiology, in press, 

(2003))^! G0D£|- 3 , tMI^ ^^^d^p>^« ^Hl^e* l-Blass}. 

-S^V^S tfl*||*H <&m,2-i&hiA]TC\-A ^^!^ pDUMOX-MsdS(HA-HDEL)» ^}^} 

$t}. tr^l^^ §ii]2- = sHH aV^M^eji: A>o]s.ol <gs\-l, 2-^^ tf^fl HA^l tfl^ 

*M (Sigma)* AV-g-^ tf^-S ^<?i*r5^. 

<57> ^ifl^^ 1 -^ o.s. ^fl^g-E}- ^S-Ssj- ^ocA^-MsdSp7> i?>^^^ A^ 

ifl* ^*V^1 2^X[f>}7] ^*1W ^-a] t#^^ G0D<^1 Jf^MS ^=Sfl ^#^-$4. 
^)7\ S.<£& *flS^ ^ 
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ffpOCff2-UsdSv>^^S. 87fl oR> 3.7] ^1 #£fl c$o] ^^}7\] ^ 57M 

67flS ^€ ^^^K^ 8A^ B). ^lsfl^ ^11,2-^^^^171- Hpoch2/\ 5 

^1 7flS^ I/pocJi2A-MsdSp 5"^ ^S^- ^31 ^ HpOCHZ-MsdSvQ 

<*| 7711 ol# a.7l SI tg-^ o o i:ol M-Bl-iflSa^CH 8B^ E) . #7] T-flS"^ <>>^ 

5-^^ Hpoch2Z± ta<>l^s.JfBl ^sl^ ^ofl ^1,2-^ic.Al 4^11- 47}^ ^El^ 
-MsdSp -ff^ 57fl£}- 67fl« *|Td #31 #wc£24-MsdSp 

^1,2-^^1^1 51*11 A) 57B^1 ^kSS ^€ #3)» Sl^&^CE. 80^ 

F). ^"71 SI 5fl ^1,2-feAl^o]^ tNlfe^ fs]£24 °11 S^Kr ^-r- °> A S^ 

^oflA-l^ ^l^e)- 1-^2.2 3^ Hp0ch2 #^<*fl XS. ^l^ 

^ ^^S)^L *1*>*H <y^l feS^S ^^>7l ^*fl7v]^ tMl^ § 

HpOCH2 ^-^7>7> ^€ ApocA^ $1*1)3 Jf^€ ^S-g- A S 

-£^r ^Itb 3^3. -^--§-^-711 A}-g-€ ^olrf. #31 ^ Jl^^: Hpoch2/\ ^ 

oi^ofl ^Al^ ol*H ig^^^: -fr^r^l ^ 4°^-?!: #£fl^2:-i- 49 ^ ^ °l ^ 

7>^ -ilff" ##^-£- ^*Hr ^Hr 7fl^ ^ *fl^- if^rS. ^o. 



[^^1 jL3l)-] 

<58> ^l^el- f5l£54^ ^2:^- m± tfl^ ^ ^ ^1^^ o)n] o.^ 
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tt^l^&l- HpOCH2 ^Ay\ ^€ Hpoch2/\ ^l^Hr 41 # 7fl*l sf^ o] wj- 

^ ?$S.* 7^1^ ^ 7 ]. Jfz]-s)^ ^^fr ^^Ml ^Ml ^ 

fe- ^ ^fl-f -fr-8-tb Ir^^l 3M*=h 
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2S. 7]7%z\^ DNA ^ 90% 

iffl^ al,6-mannosyltransferase) Sl^ %^^r 
^ DNA<?1 -fr^*}. 
2) 

-fr^*}?} ^-g^s: IS. 7]^s\±r DNA*1 

[^^8- 3] 

^^Jl 2S, 7l^flS]^ a^li^t i£±r 90% ^ t4l,6- B vl 

4] 

AilwiJ: 15L 7l7l]5l^ DNA -fj-^l-I- S^Kr 7flS^- ^^(7l^S ^KCTC 
10583BPJl). 
[^^8" 5) 

yl^S ^KCTC 10584BP51S. 7}^ ^M)^ Hpoch2A ^}^. 

6] 

HpochA 
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7] 

*H6-SM SA^H, ^ ^ ^^ 7 > ^1,2-^^1^1, ^r^l^l IA, ^i^l^Ml IB, 

^Aluf^l ic, ^Alrf^ n, N-6Hit^H^B^i3l2}^l I , N-6}4it^}pl^ 

8] 

^5^1 ^ #^5-^ Hpoch2A *>-§-*M ^S^- 

9] 

^18%H1 5^*1, tMl^ #^|51iM- Hpoch2/\ i$_°]^7\ ^ ^ ^ ^» 

10] 

*)18^ *)19%H1 &<*H, ^^iM A>o]Sfl, -g-^W, ^ £1*}, 

^ S = ^ Sl*K 1-5^*1 #5^1 

[^^8- 11] 
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[51 1] 

-9 cggtgaagaatggtgtattttttaaatttcatgtcaataaccaatgtcccggtgctgaag 

MV YFLNFMSITNVPVLK 
52 cgcgcgcgactctacatggcgacgaatcgccggctggtggttgttcttgtggtgctgctg 

RARLYMATNRR L VVV LV VLL 
112 tactgggtggtccagaacgtttggacgtggagccctgggacgcgcgatttggcccaagtg 

YWVVQNVWTWSPGT R D L A Q V 
172 gacgcgaagatcgaggccgagctaaactcgaatctacatacttttggagcgcatttgcgc 

DAKIEAELNSNLHTFGAHLR 
232 cacttaaaccggcttccggcagagtcggccaccctgcgtgaaaaactcaccttctatttc 

HLNRLPAESATLREKLTFYF 
282 ccatattatcctgaaaagcccgtgccgaaccagatctggcagacatggaaggtcgatctc 

PYYPEKPVPNQIWQTWKVDL 
352 gaagacgacaacttccccaagcagtacagacggtttcagaagacgtgggtcgagaaaaat 

EDDNFPKQYRR F QKTWVEKN 
412 ccagactacgtgtaccacctgattccggactctgtgattgaggactttgtggcgagtttg 

PDYVYHLIPDSVI EDFVASL 
472 tacgcgaacgtgccggaggtggtcagagcgtaccagctgcttccgaaaaatatcatgaag 

Y ANVPEVVRAYQLLPKN IMK 
532 gcggattttttccggtatttggtgatctacgcgcgcggaggcacctactcagacatggac 

ADFFRYLVIYARGGTYS _D M D 

592 acggtgtgtttaaagccgatcaaggactgggccacgtttgatcgcgacctgatccacgcl: 

TVCLKPIKDWATFDRDLIHA 
652 gccgacaataaggccgatctctcccagatagatccagaagcaagaaccacgcctgtigggg 

ADNKADLSQIDPEARTTPVG 
712 ctggtgattggcattgaggccgacccggacaggcccgactggcacgagtggttctcgcgc 

LVIGIEADPDRPDWHEWFSR 
772 agactgcagttctgccagtggacgatccaggcgaagccgggacacccgctgctgcgcgag 

RLQFCQWTI QAKPGHPLLRE 
832 ctgatcatccggatcgtggaggagacgttccgcaaacagcacatgggcgttttgaaaaga 

L I IRIVEETFRKQHMGVLKR 
892 gtggaaggcaaggactcgggcgcagatatcatgcagtggacaggaccggggatatttaca 

VEGKDSGADIMQWTGPGIFT 
952 gacactctgtttgattatctgaacaatgtggcgagcgacggcaagttgggcgacgggtac 

DTLFDYLNNVAS DGKLGDGY 
1012 ggcgtggggtcgttgtattggcgcaagcacggcaaatataagctgaaaaagacagaaatt 

GVGSLYWRKHGKYKLKKTE I 
1072 aacaagaataacgagccattgcattctgaggaccagcttatcaactggaggtcgctgacc 

NKNNEPLHSEDQLINWRSLT 
1132 aacatggacaagccaaagatcatgggggacgtaatggtgttaccaatcacgagctttagt 

NMDK PKIMGDVMVLP ITSFS 
1192 ccgaacgtggggcacatgggctcaaagagcagctcagataggctggcatttgtggagcat 

PNVGHMGSKSSSDRLAFVEH 
1252 ttattttctggcagctggaagccaaaaaacaaataggaaaaataaat:aat:t;agctgcat.t 

LFSGSWKPKNK- 
1312 ttagataattctcatgagcaggcacagaacg 
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[3E 2] 

Ho0ch2i3 
HpOchip 
CaOchlp 
PpOchip 
ScOchlp 
SpOchip 

Hp0ch2p 
HpOchip 
CaOchlp 
PrcOchlf 
ScOchlp 
SpOchip 



1 HVYF UCJFHS ITNVPVLKBiuflYmTHRRLVWL^ 

I ; , ' : MSKkSPYRGINS TS S TSPKFKKL SslFjSG-LLO 

! . - -ML QL REP QMJH<hJJkIAVLGI WIF T TYE9l SS|< 

I ! — 1 1IAKAD G§LgYYNPHHP PRKYYFyJ£aI FA 

i mspklShoiatpksktiwt^ 

1 HL RLRL PS VJJ GAM AGS I LL LFHBGS IE GMEDL TE I SHL ED'YfiP EAAHKDOTGQ QE E EEp 

42 QN|otTTOSPGT RD L AQVD AKiEaeBiJ SCTLHT F GA|lP, HLfJRLP AE S AT] 

32 GE.|jIiFKF ST SIJSINTEDKIVS EYgN NFYKLNPpFRG — AHPYDAAVT. 

35 jls PT S THKT EYils PKLqHaK§L E 5fl SHWKELGjf OFQP -NKKYSL RD E STj 

30 IvScVLYGPScfe SOLSPGTOED] 

29 IjFHL SHKR1 L sflFYP SKDDFKQ T*L P TT SHS QD IE|EkQ I ---TVNKKKNQL: 

6? llYijE e eedpd le ayl sdBepJse l ehs lb eld eehhySlhlrys f sq l qd fd e eheavbk 



Hp0ch2p 100 Y 

HuOchlD 87 B 

CaOchlp 94 B- 

PpOchlp 88 R- 

ScOchltD 91 

SpOchip 137 P-' 

Hp0ch2p 166 

HpOchLp 153 

CaOchlp 160 

PpOchip 154 

ScOchlp 158 

SpOchip 200 

HttOch2r> 228 DPEARTTP^iB 

HpOchip 204 

CaOchlp 214 R 

PpOchip 208 — N, 

ScOchlp 228 SSDEISHQ: 

SpOchip 251 XPJ 

Hp0ch2p 289 

HpOchip 258 

CaOchlp 268 

PoOchlD 262 |E|S! 

ScOchlp 298 SEHH> PRF EEDY1JVNYPHk3r[|D E 

SpOchip 304 — -LHD; 

Hp0cii2p 331 — gkBgd GY GVGSL YWPJKHGKYKLKKT E HJKHKEP LHS ED - - 

HpOchip 307 DHQ PJ>j|AGELYG — — PETGEGD 

CaOchlp 310 PE&FKHKKK : W A.T 

PpOclilp 304 GHSGQ GI GAGSAYYWA1 SLEE RDAL S ARPNGEMLKERtf P GKYAQ Q 

S cO chip 3 68 LINPI#NKHD EE GSE SAT TPAKD VENDT L SKST RKFYKKIS ESLOS SNS"hBeFR 

SpOchip 341 — FSVENI 




Hp0ch2p 392 

HpOchip 348 

CaOchlu 344 

PpOchip 371 

ScOchlp 438 

SpOchip 362 




PKMK 

KGE3KP GKEGYEGEDPHEVEEL RKHDVSKRDVIP 
'GHPEHXO : r r— 



>AE>KCTAGHK- 



Hp0ch2p 
HpOchip 
CaOchlp 
PttOchlu 
ScOchlp 
SpOchip 



413 G-E SKD VAPVKKL AKRCAYPYT PY 



100* 
27.3% 
42.3% 
40.0% 
40.4% 
30.8% 
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[S. 3] 



168Nfor 



•..163Cfor 



N 



HpOCH2 



Genomic 
DMA 



I 1 

i)pcr| 



168Creu 
PCR 



|1D? 



N 



2) Annealing 
& extention + 

3) PCR 



UNfw r UCfor 



URA3 



UNreg 



Plasmid 
DMA 



i)pcr| 



UOeu 
1)PCR 



UR3C 




2) Annealing 
& extension 

3) P GR 



Genomic 
DNA 



4) In wvo DNA recombination 



El 



URA3 



i 



5 ) Pop-out the URA3 cassette 



N 



4] 



DL-1 (VUldtype) 



QCtifA. 



OC/J2A 



ft # # ^ 




A. YPD, 37°C 



B. YPD, 45*C 




C. 40 Mfl^ni Hygromycin B 



D. 0.4% Deoxychotate E. 7 mg/mi Calcofluor White 



45-33 



10^^0006352 



#§5 2004/7/23 




45-34 



f0006352 



^ <|3*}: 2004/7/23 



6] 




WT 



ScoclllA+YEp352GAPII 
ScoclH A+YEp3S2G APII-HpOCH 1 
Scoch 1 A+YE p 352GAPI l-H pO CH 2 

W * I Scoctll A+YEp352G APII-ScHOC 1 

YPD,30<>C 
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0RF379 


ORI16f 
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ORI100 


ORIS 76 


(39 1 i aa) 
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19 
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22 
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18 


17 
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(435 ii) 


36 


36 
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ORI379 
(4*2 ii) 


63 








28, 


AO 


21 


17 


16 1 


a *nn * t< 
0 Jtt Ati t 

(42E aa) 


41 




39 


45 \ 


21 


21 


20 


17 


0RI2f:£ 
(414 aa) 


35 


36 




.34 


40 






J 1 


33 


(362 14) 


34 


36 


43 


35 


3 9 


40 




20 


19 


OKF100 
(425 ii) 


34 


-33 


37 


33 


36 


66 


3,8 




32 


OKI 576 
(369 aa) 


30: 


31 


33 


30 


32 


50 


33 


47 





Smifl uity ; 



<110> Korea Research Institute of Bioscience and Biotechnology <120> A novel 
Hansenula polymorpha gene coding for alpha 1,6 mannosyltransferase and 

process for the production of recombinant glycoproteins with Hansenula 

polymorpha mutant strain deficient in the same gene <160> 14 <170> 

Kopatentln 1.71 <210> 1 <211> 1351 <212> DNA <213> Hansenula polymorpha 
<220> <221> CDS <222> (10).. (1293) <400> 1 cggtgaaga atg gtg tat ttt tta 
aat ttc atg tea at a acc aat gtc ccg 51 
Met Ser lie Thr Asn Val Pro 1 



Met Val Tyr Phe Leu Asn Phe 
5 10 
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gtg ctg aag cgc gcg cga etc tac atg gcg acg aat cgc egg ctg gtg 99 Val Leu 

Lys Arg Ala Arg Leu Tyr Met Ala Thr Asn Arg Arg Leu Val 15 20 

25 30 gtt gtt ctt gtg gtg ctg ctg tac tgg gtg gtc cag aac gtt tgg 

acg 147 Val Val Leu Val Val Leu Leu Tyr Trp Val Val Gin Asn Val Trp Thr 

35 40 45 tgg age cct ggg acg cgc gat ttg gec 

caa gtg gac gcg aag ate gag 195 Trp Ser Pro Gly Thr Arg Asp Leu Ala Gin Val 

Asp Ala Lys lie Glu 50 55 60 

gec gag eta aac teg aat eta cat act ttt gga gcg cat ttg cgc cac 243 Ala Glu 

Leu Asn Ser Asn Leu His Thr Phe Gly Ala His Leu Arg His 65 

70 75 tta aac egg ctt ccg gca gag teg gee ace ctg cgt 

gaa aaa etc acc 291 Leu Asn Arg Leu Pro Ala Glu Ser Ala Thr Leu Arg Glu Lys 

Leu Thr 80 85 90 ttc tat 

ttc cca tat tat cct gaa aag ccc gtg ccg aac cag ate tgg 339 Phe Tyr Phe Pro 

Tyr Tyr Pro Glu Lys Pro Val Pro Asn Gin lie Trp 95 100 

105 110 cag aca tgg aag gtc gat etc gaa gac gac aac ttc ccc aag ca£ 

tac 387 Gin Thr Trp Lys Val Asp Leu Glu Asp Asp Asn Phe Pro Lys Gin Tyr 

115 120 125 aga egg ttt cag aag acg tgg gtc ga£ 

aaa aat cca gac tac gtg tac 435 Arg Arg Phe Gin Lys Thr Trp Val Glu Lys Asn 

Pro Asp Tyr Val Tyr 130 135 140 

cac ctg att ccg gac tct gtg att gag gac ttt gtg gcg agt ttg tac 483 His Leu 

He Pro Asp Ser Val He Glu Asp Phe Val Ala Ser Leu Tyr 145 
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150 155 gcg aac gtg ccg gag gtg gtc aga gcg tac cag cts 

ctt ccg aaa aat 531 Ala Asn Val Pro Glu Val Val Arg Ala Tyr Gin Leu Leu Pro 

Lys Asn 160 165 170 ate atg 

aag gcg gat ttt ttc egg tat ttg gtg ate tac gcg cgc gga 579 lie Met Lys Ala 

Asp Phe Phe Arg Tyr Leu Val lie Tyr Ala Arg Gly 175 180 

185 190 ggc acc tac tea gac atg gac acg gtg tgt tta aag ccg ate aag 

gac 627 Gly Thr Tyr Ser Asp Met Asp Thr Val Cys Leu Lys Pro He Lys Asp 

195 200 205 tgg gec acg ttt gat cgc gac ctg ate 

cac get gee gac aat aag gee 675 Trp Ala Thr Phe Asp Arg Asp Leu He His Ala 

Ala Asp Asn Lys Ala 210 215 220 

gat etc tec cag ata gat cca gaa gca aga acc acg cct gtg ggg ctg 723 Asp Leu 

Ser Gin He Asp Pro Glu Ala Arg Thr Thr Pro Val Gly Leu 225 

230 235 gtg att ggc att gag gee gac ccg gac agg ccc gac 

tgg cac gag tgg 771 Val lie Gly He Glu Ala Asp Pro Asp Arg Pro Asp Trp His 

Glu Trp 240 245 250 ttc teg 

cgc aga ctg cag ttc tgc cag tgg acg ate cag gcg aag ccg 819 Phe Ser Arg Arg 

Leu Gin Phe Cys Gin Trp Thr He Gin Ala Lys Pro 255 260 

265 270 gga cac ccg ctg ctg cgc gag ctg ate ate egg ate gtg gag ga£ 

acg 867 Gly His Pro Leu Leu Arg Glu Leu He He Arg He Val Glu Glu Thr 

275 280 285 ttc cgc aaa cag cac atg ggc gtt ttg 

aaa aga gtg gaa ggc aag gac 915 Phe Arg Lys Gin His Met Gly Val Leu Lys Arg 
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Val Glu Gly Lys Asp 290 295 300 

teg ggc gca gat ate atg cag tgg aca gga ccg ggg at a ttt aca gac 963 Ser Gly 

Ala Asp He Met Gin Trp Thr Gly Pro Gly lie Phe Thr Asp 305 

310 315 act ctg ttt gat tat ctg aac aat gtg gcg age gac 

ggc aag ttg ggc 1011 Thr Leu Phe Asp Tyr Leu Asn Asn Val Ala Ser Asp Gly Lys 

Leu Gly 320 325 330 gac ggg 

tac ggc gtg ggg teg ttg tat tgg cgc aag cac ggc aaa tat 1059 Asp Gly Tyr Gly 

Val Gly Ser Leu Tyr Trp Arg Lys His Gly Lys Tyr 335 340 

345 350 aag ctg aaa aag aca gaa att aac aag aat aac gag cca ttg cat 

tct 1107 Lys Leu Lys Lys Thr Glu He Asn Lys Asn Asn Glu Pro Leu His Ser 

355 360 365 gag gac cag ctt ate aac tgg agg tc£ 

ctg ace aac atg gac aag cca 1155 Glu Asp Gin Leu He Asn Trp Arg Ser Leu Thr 

Asn Met Asp Lys Pro 370 375 380 

aag ate atg ggg gac gta atg gtg tta cca ate acg age ttt agt ccg 1203 Lys He 

Met Gly Asp Val Met Val Leu Pro He Thr Ser Phe Ser Pro 385 

390 395 aac gtg ggg cac atg ggc tea aag age age tea gat 

agg ctg gca ttt 1251 Asn Val Gly His Met Gly Ser Lys Ser Ser Ser Asp Arg Leu 

Ala Phe 400 405 410 gtg gag 

cat tta ttt tct ggc age tgg aag cca aaa aac aaa taggaaa 1300 Val Glu His Leu 

Phe Ser Gly Ser Trp Lys Pro Lys Asn Lys 415 420 

425 aataaataat tagctgeatt ttagataatt ctcatgagca ggcacagaac g 
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1351 <210> 2 <211> 428 <212> PRT <213> Hansenula polymorpha <400> 2 Met Val Tyr 

Phe Leu Asn Phe Met Ser lie Thr Asn Val Pro Val Leu 1 5 

10 15 Lys Arg Ala Arg Leu Tyr Met Ala Thr Asn Arg Arg Leu Val Val 

Val 20 25 30 Leu Val Val Leu Leu Tyr 

Trp Val Val Gin Asn Val Trp Thr Trp Ser 35 40 

45 Pro Gly Thr Arg Asp Leu Ala Gin Val Asp Ala Lys He Glu Ala Glu 50 

55 60 Leu Asn Ser Asn Leu His Thr Phe Gly Ala His Leu Arg His Leu 

Asn 65 70 75 80 Arg Leu Pro Ala 

Glu Ser Ala Thr Leu Arg Glu Lys Leu Thr Phe Tyr 85 

90 95 Phe Pro Tyr Tyr Pro Glu Lys Pro Val Pro Asn Gin lie Trp Gin 

Thr 100 105 110 Trp Lys Val Asp Leu Glu 

Asp Asp Asn Phe Pro Lys Gin Tyr Arg Arg 115 120 

125 Phe Gin Lys Thr Trp Val Glu Lys Asn Pro Asp Tyr Val Tyr His Leu 130 

135 140 He Pro Asp Ser Val He Glu Asp Phe Val Ala Ser Leu Tyr Ala 

Asn 145 150 155 160 Val Pro Glu Val 

Val Arg Ala Tyr Gin Leu Leu Pro Lys Asn He Met 165 

170 175 Lys Ala Asp Phe Phe Arg Tyr Leu Val He Tyr Ala Arg Gly Gly 

Thr 180 185 190 Tyr Ser Asp Met Asp Thr 

Val Cys Leu Lys Pro He Lys Asp Trp Ala 195 200 

205 Thr Phe Asp Arg Asp Leu He His Ala Ala Asp Asn Lys Ala Asp Leu 210 

215 220 Ser Gin He Asp Pro Glu Ala Arg Thr Thr Pro Val Gly Leu Val 
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He 225 230 235 240 Gly He Glu Ala 

Asp Pro Asp Arg Pro Asp Trp His Glu Trp Phe Ser 245 

250 255 Arg Arg Leu Gin Phe Cys Gin Trp Thr He Gin Ala Lys Pro Gly 

His 260 265 270 Pro Leu Leu Arg Glu Leu 

He He Arg He Val Glu Glu Thr Phe Arg 275 280 

285 Lys Gin His Met Gly Val Leu Lys Arg Val Glu Gly Lys Asp Ser Gly 290 

295 300 Ala Asp He Met Gin Trp Thr Gly Pro Gly lie Phe Thr Asp Thr 

Leu 305 310 315 320 Phe Asp Tyr Leu 

Asn Asn Val Ala Ser Asp Gly Lys Leu Gly Asp Gly 325 

330 335 Tyr Gly Val Gly Ser Leu Tyr Trp Arg Lys His Gly Lys Tyr Lys 

Leu 340 345 350 Lys Lys Thr Glu He Asn 

Lys Asn Asn Glu Pro Leu His Ser Glu Asp 355 360 

365 Gin Leu He Asn Trp Arg Ser Leu Thr Asn Met Asp Lys Pro Lys He 370 

375 380 Met Gly Asp Val Met Val Leu Pro He Thr Ser Phe Ser Pro Asn 

Val 385 390 395 400 Gly His Met Gly 

Ser Lys Ser Ser Ser Asp Arg Leu Ala Phe Val Glu 405 

410 415 His Leu Phe Ser Gly Ser Trp Lys Pro Lys Asn Lys 

420 425 <210> 3 <211> 36 <212> DNA <213> 

Artificial Sequence <220> <223> primer 168Not-N <400> 3 aaggaaaaaa gcggccgccg 

gtgaagaatg gtgtat 36 <210> 4 <211> 39 <212> 

DNA <213> Artificial Sequence <220> <223> primer 168Not-C <400> 4 ttttcctttt 
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gcggccgccg ttctgtgcct gctcatgat 39 <210> 5 <211> 

20 <212> DNA <213> Artificial Sequence <220> <223> primer UNfor <400> 5 

ggatccccgg gtaccgagct 20 < 210> 

6 <211> 20 <212> DNA <213> Artificial Sequence <220> <223> primer UNrev 

<400> 6 caccggtagc taatgatccc 

20 <210> 7 <211> 20 <212> DNA <213> Artificial Sequence <220> <223> 

primer UCfor <400> 7 cgaacatcca agtgggccga 

20 <210> 8 <211> 20 <212> DNA <213> Artificial Sequence <220> <223> 

primer UCrev <400> 8 ctggcgaaag ggggatgtgc 

20 <210> 9 <211> 20 <212> DNA <213> Artificial Sequence <220> <223> 

primer 168Nfor <400> 9 ggcggatatg gggcttcgcc 

20 <210> 10 <211> 40 <212> DNA <213> Artificial Sequence <220> <223> 

primer 168Nrev <400> 10 agctcggtac ccggggatcc cgttccaggg ctccacgtcc 

40 <210> 11 <211> 40 <212> DNA <213> Artificial Sequence <220> <223> 

primer 168Cfor <400> 11 gcacatcccc ctttcgccag ccgatcacga gcttcagtcc 

40 <210> 12 <211> 20 <212> DNA <213> Artificial Sequence <220> <223> 

primer 168Crev <400> 12 cgtcgtccgg gcccagttcg 

20 <210> 13 <211> 33 <212> DNA <213> Artificial Sequence <220> <223> 



primer for the amplification of alphal,2-manosidase in 



400> 13 ggggaattca aaaaaatggt ggtcttcagc aaa 



Aspergillus saitoi < 



33 <210> 14 <211> 69 <212> DNA <213> Artificial Sequence <220> <223> 
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primer for the amplification of alphal,2-manosidase in Aspergillus saitoi < 

400> 14 gggccatggt cacaattcat catgcgcata gtcaggaaca tcgtatgggt atgtactact 
60 cacccgcac 69 
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